There is a need to reduce the explosive sensitivity of explosives and propellants without sacrificing their energy. We found that the impact sensitivities of scme explosives can be changed by surface modification.
Plastic bonded explosives (PBX) are mechanica_ mixtures of explosive crystals with polymeric binders and in some cases plasticizers.
Different sensitivity parameters are used to characterize the reaction of explosives toward impact, friction, temperature, and electric discharge.
There is a need to reduce the explosive sensitivity without sacrificing energy.
The literature suggests that surface properties play a role in desensitization (Reference 1). We have found that the impact sensitivities ofE some explosives can be changed by surface *• modification (Reference 2).
Other investigations revealed that the PBX impact sensitivity is related to its viscoelastic dynamic energy loss (Reference 3).
Propellant studies at the Naval Weapons Center (NWC) showed that microstructural damage and dewetting have a significant effect on the mechanical properties of the propellant (References 4 through 6).
Similar effects can 1,-e expected to occur in a PBX in that the presence of voids and microcracks due to interfacial debonding, dewetting, and formation of reactive free radicals by molecular bond scission is expected to affect the explosive sensitivity.
To determine the influence qf these factors, the surface properties of binders and f.llers were determined (References 7 and 8).
The surface properties of binders have been determined in both the uncured and cured states (Reference 9), and the surface properties of some explosive crystals have been charactetized in an earlier program (Reference 10).
Model explosive formulations were prepared using sý-Jected binders and cyclotrimethylenetrinitramine (RDX).
The surface interactions were determined by microscopic examination, dilatation measurements, and surface free energy studies.
The NWC propellant damage energy concept will be applied to define the eamage properties and their relation to sensitivity (Reference 3). The results obtained by these investigators will be included in the correlation studies.
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MODEL FORMULATIONS
In the beginning of the program, several binders were selected that are representative of those currently being used in the propellant and explosive area (Reference 8). The binders being used to establish a data base include hydroxy-terminated polybutadiene/isopherone diisocyanate (R45M/IPDI), acrylic polymer, poly(glycidyl azide) (GAP), and bis(azido)methyl oxetane/tetrahydrofuran (BANO/THF).
The energetic fillers are cyclotetramethylenetetranitramine (HMX) k and RDX. RDX will be used in the first phase of model formulation.
The model formulations are designel to compare surface interactions and mechanical properties.
In order to have similar binder/ "solid interface for all mixes, the particle size distribution and volume percent of solid have been kept constant.
The particle size distribution of RDX is kent constant by using the same ratio of two "lots of !ZbX for all mixes. One lot is a Class A RDX screened through a No. 100 ?yler sieve (14ý. microns) to remove larger particles and the other lot is a Class E RDX. Since the density of the binder varies, the volume percent of RDX is kept constant by changing the weight rtrcent of RDX (calculated from the density of the binder).
Eight major mixes have been prepared from three of the baseline binders.
The status of the various specimens is givea in Table 1 .
The binder/plasticizer ratio and additive contents are very critical in these energetic systems.
A number of hand mixes were made to approximate the ratios of the ingredients in order to get a rough check on the physical properties. However, when scaled up to full-size mixes -: where more accurate ingredient ratios can be obtained, some of the mixes (BLX-7, BLX-I0) had inferior properties.
The composition of each mix is listed in Tables 2 through 5 .
TENSILE AND TORSIONAL SHEAR PROPERTIES
The tensile data were obtained from end-bonded specimens (1 by I by 7.6 cm) (Reference 3).
The torsional shear data were obtained in a shear dilatometer designed at NWC (Reference 4). The specimens were of the same configuration but not end bonded.
A typical t-rsional shear stress-strain curve and volume dilatation curve are shown in Figure 1 . The onset of dewetting is defined as the point at which the volume dilatation is equal to 0.1%. The NWC TP 6619 'Plasticizer exuded from cured formulation.
'Special mix for acoustic studies.
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Shore A hardness 18.00 a2-ethylhexylacrylate.
eCobaltous acetylacetonate.
f Tertiary-butyl perbenzoate. properties of interest are the stress and strain at the onset of dewetting (a , EOD), initial modulus (E), maximum stress (aM.), strain at failureC PE.),I and the maximum dilatation.
The initial part of all the stress-strain curves from the tensile deformation and from the torsional shear deformation overlap quite well. However, the curves begin to diverge as the strain increases past the onset of dewetting.
The tensile and torsional shear data are given in Tables 6 and 7 . There is a large variation in modulus values which range from 0.4 to 40.6 MPa.
Both BLX-4 and -6 have very low moduli compared with the other mixes.
The BLX-4 contains a large amount of plasticizer while the BLX-6 contains none. It is surprising that the tensile properties of these two mixes are comparable (except for the dilatation) while their shear properties are not. There is no good explanation for this at the present time.
THE ONSET OF DEWETTING
face.The onset of dewetting is of special interest for correlating surface properties and mechanical properties.
In the binder system being studied, we assume that the cohesive energy of the binder is larger than the adhesive energy between the binder and the energetic solids.
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Therefore, if an increasing stress is introduced into the composite, the weakest bond will break first. The weakest bond in this case is the binder-solid adhesion.
The onset of uewetting is selected to be the point where the volume dilatation reaches 0.1%. As a consequence, the stress at the onset of dewetting should correspond to the energy required to separate the binder-solid interface.
For example, the tensile stress at the onset of dewetting is 0.64 and 0.71 MPa for BLX-1 and BLX-3, respectively. The interfacial bonds are the same for 0.
both, but BLX-1 contains larger solid particles which are more easily dewetted. The tensile stress at the onset of dewetting for BLX-3 and BLX-8 are 0.71 and 0.77 MPa, respectively. The works of adhesion between the binder and solid RDX for these two mixes, calculated to be 80 and 82 dyns/cm 2 (Reference 8).
The work of adhesions and stress at the onset of dewetting change in the same direction. A suitable model for this correlation is still being sought. (This point will be discussed in the next section.)
The effect of plasticizer in the GAP mixes can be seen at the onset of dewetting data. The plastici2er to binder ratios for BLX-8, BLX-9 and BLX-4 are 0, 2, and 3, respectively. As would be expected, eAD increases while a decreases as the plasticizer conteuit increases. Tus, increasing the ¶Yasticizer concentration results in more plastic flow and lower stress build-up in the composites. The Poisson's ratio and radius of inclusion are assumed to be constant for the different binders containing the same volume percent of RDX of similar size distribution.
Since the particle sizes are left constant, r* can be included in the constant K. Thus, if the a values are plotted against a O2, the .0' slope should be proportional to W. Such a plot for the model mixes is shown in Figure 2 and includes both the tensile and shear data. The fact that all of the points belonging to the hydroxy-terminated polybutadiene (HTPB) mixes fall on a straight line means that the amount of energy absorbed in debonding RDX from binder is the same for all of the HTPB mixes.
A good check for the equation that was given previously is that the points are all on a straight line. The slope for the GAP mixes is slightly higher. The magnitude of the difference •"•NWC TP 6619
"FRACTURE TOUGHNESS
The resistance to crack propagation in a material is characterized by the material's fracture toughness (References 13 through 15) . The sample configuration for the crack opening mode (tersile deformation) is shown in Figure 3 .
At the onset of unstable cra,.k propagation the fracture toughness or stress intensity factor, X IC is a constant and is given by the equation
where a is the maximun stress and a and b are defined in Figure 3 . It is an important parameter when describing the mechanical properties of a material because it characterizes the ultimate strength when flaws are present. The stress intensity factors are shown in Table 8 . The DSC module in a DuPont 1090 thermal analyzer was used to determine the specific heats of the formulations.
The specific heat of a test specimen is determined by comparing the thermal lag between sample and reference systems under "blank" and "sample" conditions. The blank condition is having aluminum pans of similar weight on the reference and sample probes.
The reference system is a piece of sapphire of known weight and specific heat.
The thermal lag of the sapphire at different temperature intervals is obtained by subtracting the blank readings from the reference reading with the sapphire in the aluminum pan on the sample probe.
The thermal lag of the sample at different temperature intervals is obtained similarly using the sample in place of the sapphire.
The specific heat of the formulations at various temperatures are plotted in Figure 4 .
The slope change of BLX-4 and BLX-9 .re probably associated with thi± thermal behavior of the energetic plasticizer. 
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The glass transit3on Lemperatnre of the nodel mi::es were det.-rmined from thei'r lo;-teiperztuxe DSC curve3 obtained a.' heating rates of lO 0 C/min as showa in Table 9 . The plasticized mixes (TU'X-4 and -9) show lower Svlass transition temperature than the unplasticized GAP mix (BLX-8).
The glass transition temperature of BLX-6 is very low.
BURN RATES AND IGNiTABILITY
The burn rates of the model mixes are plotted in Figure 5 .
The data for eark binder fo" separate groups.
The GAP mixes containing Senergetic plasticizer have the highest burn rates. We realize that the low values are caused by an insufficient ankount of oxidizer in the mixes of acrylic and HTPB. Howenrer, the data will be incorporated into the J3ta matr-'x fsr romparison with other data base systems. "-•, 
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The results of the ignition studieE are shown in Table 10 (Reference 15).
The first co]ikn p;rovides the energy flux values of the laser to which the samples were subjected.
Under each mix, the left hand column lists values of time in milliseconds (ms) to detect first light which is an indication of first gasification of the sample. The right band cciumn gives the exposure time for 50% go/no go ignition (go means that the sample will svstain combustion after the laser stimulus it remrved. )
A reversal occurs in ignition time at high flux levels (150 to 2U Q cal/.n 2 -s) for the plasticized GAP mixes (BLX-4 and -9 ). This matter will be investigated as more data are collected. No data are shown for BLX-6 and BLX-8 because there is no ignition at low flux levels and ignition oniy occurs for BLX-8 at high flux levels.
This lack of igniStion at low flux levels suggests that the formulation may be candidates for insensi'-ive energetic system.
SENSITIVITY
The sensitivity data for the model formulations are still being collected.
The drop weight impact sensitivity of the RDX model mixes is shown in Table 11 . The mixes with F.TPB binder (BLX-l, -2, and -3) and the mix with the acrylic binder (BLX-6) are the least sensitive. The greater sensitivity 3f BLX-4 and BLX-9 compared with that of BLX-8 (GAP without binder) reflect the effect of energetic plasticizers on the drop weight impact sensitivity of a mix.
Two interesting phenomena have been observed in attempts to compare drop weight impact sensitivity of original and damaged materials. The first one is that some damaged materials become more sensitive but the effect decreases with time due to relaxation.
This suggests a healing effect.
There also appears to be a directional effect on sensitivity.
Preliminary data suggests that materials damaged by A' uniaxial tension appear to have different sensitivities if tested normal or parallel to the tension direction. However, the data obtained to date for both observations are scattered and experiments are being designed to investigate these observations.
One of the difficulties encountered in using the model formulations is that the amount of sample is limited. A large amount of each type of material -is reqdired for the scheduled studies. To investigate these observations will require the preparation of a special mix or use of an existing propell.ant.
SPECIFIC IMPULSE (Isp) OF MODEL MIXES
While the hazirdous properties of the model mixes are being compared, it is also important to have some idea of their performance.
One of the performance properties is the specific impulse. The specific impulse of the formulations were calculated and are listed in The large difference between the specific impulse of BLX-3 and BLX-4 is caused by the higher energies of GAP and TMETN. The specific impulse and hazardous properties of BLX-3 and -4 are compared in A large difference exists between the specific impulse of the BLX-3 and BLX-4, but their times to ignition are similar. If BLX-4 is used instead of BLX-3, the system woald gain a lot of energy and sensitivity towards heat.
However, BLX-4 is much more impact sensitive. This approacL shows the need to collect a variety of data to characterize the system better.
The effect of different binder3 and energetic plasticizers are better illustrated in the specific impulse values of some hypothetical mixes as shown in Table 14 .
In these mixes, the RDX is 75% by weight and the binder is 25% by weight. Thus, the values in the first column reflect the different energies of the binders.
in the plasticized mixes, the binder consists of two parts of energetic plasticizer to one part of polymer.
The BTTN is more energetic than the TMETN plasticizer.
The effect of energetic plasticizer is wore pronounced in the HTPB system as shown by the large difference in specific impulse between the original and plasticized mixes. Manser (Morton Thiokol, Wasath Division, Brigham City, Utah). Thin films of this polymer were prepared from a dilute solution of the polymer in a mixture of methyl isobutyl ketone and ethyl acetate. These thin films were used in surface free energy determinations that were done by a method similar to that of Kaelble (References 17 and 18) and discussed in more detail in a previous report (Reference 8).
I
The equations are shown in Table 15 .
When W /2a is plotted against P/Ia as shown in Figure 6 , a straight line is ob•ianed, the slope of which lies between that for BAMO/Th-and GAP.
The following surface free energy terms were used for this polymer: The location of this polymer in the surface energy diagram is shown in Figure 7 . According to this analysis, it is a better binder for RDX than GAP or R45M, but not as good as BAY1O/THF. Specimens of various configurations were cut and distributed to different investigators.
Results from these investigators are presented for the determinations of surface, mechanical, thermal, burning, sensitivity, and performance characteristics of the formulations.
A method has been found to correlate surface interactions and mechanical properties by means of the onset of dewetting.
Some effect of mechanical damage on impact sensitivity has been observed. It is being investigated further.
When performance and hazardous properties (impact and ignition) are compared, there is an indication that several of the GAP formulations may be classified as insensitive energetic systems. 
